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This study describes an intervention to address inequities in secondary mathematics pre-service 
teachers‟ access to models of effective use of information and communication technologies (ICT) 
in classrooms and the opportunities afforded to these pre-service teachers to use the skills and 
knowledge they possess in developing pedagogical strategies for the effective use of ICT in the 
classroom. It explores the relationship between the skills necessary to use digital technologies 
and pedagogical subject-specific knowledge. We report on a key aspect of a wider study on a 
series of interventions to connect pre-service teachers‟ ICT attitudes, confidence and skills with 
their pedagogical readiness to use ICT effectively in their teaching. 
Introduction 
The Standards for Qualified Teacher Status in England require pre-service teachers to 
demonstrate an understanding and use of information and communication technologies (ICT) 
in the classroom. In secondary mathematics departments in our university-school partnership, 
in which one-year postgraduate pre-service teachers undertake practice placements, we are 
aware of a range of provision of experience for our pre-service teachers as they work towards 
attaining these statutory standards. This anecdotal evidence is supported by Cuckle, Clarke & 
Jenkins (2000) who claim that some pre-service teachers possess personal IT skills on entry 
to a Postgraduate Certificate of Education (PGCE) course which they find difficult to transfer 
to the classroom. Their findings indicate that pre-service teachers used their IT skills, instead, 
to support their role as a teacher in planning for teaching, recording assessment and in 
undertaking PGCE course requirements. They argue that part of the reason for this is “poor 
access to hardware and software in schools” (p 18). 
The experience of some of our pre-service teachers does not necessarily involve a lack of 
availability of hardware in schools, rather a lack of access to this. Supportive political resolve 
and significant financial input into schools in relation to ICT provision, in England, means that 
a lack of availability of digital technologies in schools is no longer a problem (Enochsson & 
Rizza, 2009). However, evidence from Kennewell, Tanner, Jones and Beauchamp (2008) and 
others indicates that the potential of this investment has not been realised. In an Australian 
study, Gill and Delgarno (2008) suggest that this is a more global situation which needs 
addressing. 
The purpose of this study is two-fold. Firstly, we aimed to address the inequity of pre-service 
teachers‟ access to pedagogical practice which supports effective use of ICT for teaching and 
learning mathematics and, secondly, we aimed to actively reconstruct their positive attitudes, 
skills and self-confidence in the use of ICT and connect these to pedagogical decision-
making. 
Research background 
There are two arguments about an approach to using ICT in classrooms (Miller & Glover, 
2010). These are, firstly, that teachers become proficient in the use of ICT and then recognise 
and incorporate this into their classroom pedagogy and, secondly, that pedagogical 
realisations by teachers necessitate a new means of use of the available ICT. Findings from 
Minaidi and Hplanas (2005) suggest that there are difficulties in addressing effective ICT use 
in classrooms by training teachers in a skill-based way to use ICT. Their evidence suggests 
that such training induces a further demand for skill-based training, while these participants 
equally recognised the pedagogical importance of the use of ICT in educational settings. 
In contrast, Mercer, Hennessey and Warwick (2010) describe classroom situations in which 
the pedagogical perspectives are of prime importance for ICT use, rather than the 
technological capacities of both the user and the hardware, in this case the interactive 
whiteboard. With a focus on dialogic teaching as a pedagogical aim, the hardware (and 
implicit software) became a means to a particular pedagogical end. The authors argue that a 
minimal level of technological competence is required to use ICT effectively and that teachers‟ propensity towards its use for teaching and learning has a much greater influence 
on the effectiveness of their use of ICT.  
Within the secondary mathematics PGCE course at the University of Southampton, we 
acknowledge and work with both of these approaches differentially. We recognise pre-service 
teachers‟ lack of pedagogical knowledge early in the course and understand that they come 
to the course with significantly diverse technological skills, levels of confidence, and beliefs 
about the use of ICT. Using Mishra and Koehler's (2006) framework, representing the 
complex interaction between a pre-service teacher‟s technological expertise, their subject 
knowledge and their understanding of subject-specific pedagogy, we address “the question of 
what teachers need to know in order to appropriately incorporate technology into their 
teaching” (Mishra & Koehler, 2006, p. 1018). The ways in which we combine each of these 
three elements (Holmes, 2009) is personalised for our pre-service teachers, as much as is 
possible, and depends upon the pre-service teacher‟s underlying competence, confidence 
and beliefs in relation to both mathematics and ICT. 
The study setting 
The one-year secondary mathematics PGCE course at the University of Southampton is a 
large course recruiting up to 50 pre-service teachers each year. Course participants usually 
represent three groups: those recently completing a first degree, those returning to the 
workplace after a career break, and those making a career change much later in their working 
lives. Up to half of these pre-service teachers have previously undertaken our pre-PGCE 
course focusing on subject knowledge enhancement (SKE), designed for those with 
insufficient degree-level mathematics for direct entry to the PGCE. All pre-service students 
are expected to begin the PGCE course with basic skills in word processing, email and 
internet use. Many are highly digitally literate and some of the career changers have had 
previous employment experience in computing or information technology fields. 
Our teaching philosophy is based on developing an integrated and personalised approach to 
pre-service teachers‟ learning of effective use of digital technologies in the mathematics 
classroom. This approach acknowledges the diversity of school placement experiences, 
identified by Cuckle et al (2000), and provides opportunities for developing personal 
technological skills. It also places all their learning in the context of developing sound 
pedagogy both for mathematics learning and for the use of ICT in enabling that learning.  
Approaches we use to developing both skills and pedagogy are wide-ranging and include: 1) 
modelling by university tutors and school-based mentors, 2) group and individual tasks to 
evaluate existing resources and to develop their own, 3) peer support, and 4) skills-based and 
more pedagogically-oriented sessions early in the course.  Pre-service teachers‟ progress 
towards effectively using ICT to support students‟ learning is guided and informed by an on-
going audit focusing on personal technological confidence, classroom competence with digital 
technologies, and a developing personal pedagogy for their use.  
Data collection and analysis 
The data collection instruments for the study reported here are: 1) semi-structured interviews 
with two focus groups of secondary mathematics pre-service teachers in June, 2010, as they 
completed their PGCE course, 2) the usual initial audit of personal technological competence 
and confidence in using ICT with a new cohort of 43 secondary mathematics pre-service 
teachers, in September, 2010, 3) ICT conference evaluations, on a 5-point Likert scale, in 
January, 2011, and 4) the final audit of personal technological competence and confidence, in 
June, 2011.   
One of the focus-group questions was designed to explore what opportunities and 
experiences could be usefully provided in order to help pre-service teachers more rapidly 
develop their learning to teach effectively with ICT.  Part of the discussion in this section of 
the focus group interviews was about being inspired by the possibilities for using ICT and 
extending their horizons for the future. In one of the focus group interviews, a pre-service 
teacher described some of the university skills-based sessions as making some of the 
software more “…accessible to me …” and that she “didn‟t actually use them in the 
classroom, but I feel like I could use them”. Another describes how she found it hard, earlier 
in the course, to see how ICT fitted into teaching but that she “…thought it might have been useful to have maybe another session for people to go in to later on …. I just wasn‟t sure 
where we would actually use it”. This same theme was explored by another pre-service 
teacher in the second focus group who said that the university skills-based sessions were 
good but that “I felt that more of a chance to use them and more practical examples of where 
they could be used in a lesson would have been good.”  Another suggested that he would 
have liked to have a teacher demonstrate some innovative possibilities with commonly 
available software in order to inspire him, showing his level of expectation of the 
demonstration by saying, “…if you‟re really, really hot, this is what you can do”. 
The initial audit results informed the choices we made about specific forms of input on the 
course for the academic year 2010-11. Taught skill-based sessions were offered early on in 
the course focusing on using spreadsheets, LOGO, Autograph and Geometers‟ Sketchpad. 
This audit also indicated pre-service teachers‟ levels of personal confidence with a range of 
content-free software packages, small mathematics-specific software, and with use of 
hardware and peripherals. Such attitudinal information is considered by Teo (2008) to be 
important and necessary in order to support pre-service teachers to improve their 
pedagogical use of ICT. Scores (from 1-4) were allocated to pre-service teachers‟ reported 
levels of confidence and then totalled for individual items in the audits and for individual pre-
service teachers. Unlike evidence from Markauskaite (2006), gender was not a factor 
separating those self-reporting high or low levels of personal confidence in the aspects of ICT 
use described earlier.  
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Figure 1: Overall personal competence score 
Twenty of those on the PGCE course had previously studied with us on the SKE course, one 
on a similar course elsewhere and 22 had been accepted for direct entry onto the PGCE 
course.  Figure 1 shows the „overall personal competence scores‟ of the pre-service teachers. 
Of the 22 reporting the highest overall levels of personal confidence with ICT tools, 18 had 
participated in the SKE course. 
Whilst use of ICT is not a specific learning objective or course aim for this SKE course, the 
audit results clearly suggest that these participants started their PGCE with a significantly 
better perception of their personal ICT skills across a range of relevant software and 
hardware than those who did not attend the SKE course. Such results should, however, be 
interpreted with some caution. Pre-service teachers were asked about their level of personal 
confidence but it may be that those from the SKE course reported on a partial level of 
confidence with classroom use of digital technologies gained from their SKE course through short school-based placements and the tutors‟ modelling and teaching strategies 
underpinning the course. Conversely, some of the direct-entry PGCE course members may 
have been reporting on their perceived lack of experience, or anxiety about, the use of digital 
technologies in the classroom.  
Intervention design  
These audit results, and the suggestions made by the pre-service teachers during the focus 
groups, for 1) a later opportunity to contextualise the learning from the university skill-based 
sessions and 2) demonstrations by „expert‟ teachers of innovative uses of ICT for the 
classroom, formed the basis for our design of the first intervention. This was a one-day ICT 
conference for our pre-service teachers timed for the half-way point of the course, prior to 
their final long school-based teaching placement. One of the aims of this intervention was to 
provide a similar opportunity for all the pre-service teachers to experience modelling of good 
pedagogical practice in relation to both mathematics and ICT, thus reducing the levels of 
inequity we identified in their school-based experiences. The conference comprised of a 
range of workshops to both support those who were less confident in their ICT skills and to 
inspire the more competent with some of the possibilities. Five local teachers, with 
acknowledged expertise in using ICT to teach mathematics, offered three parallel workshops 
for approximately 14 participants. Another mathematics teacher delivered a plenary lecture to 
the whole cohort on “Getting the best out of ICT”.  
The pre-service teachers were offered the opportunity to choose one workshop and then we 
allocated them to two further workshops using the information drawn from their ICT audits.  
Each pre-service teacher therefore attended three workshops and all the supporting files 
were placed on our Virtual Learning Environment. The foci of the workshops were: 1) 
Exploring the paths of projectiles using ICT: Led by a teacher who teaches both mathematics 
and ICT, the classroom activity was designed to inspire confident users of ICT and the 
learning was focused on the motion of projectiles. The activity combined the use of video, 
specialist software (“Tracker”) and graph plotting or dynamic geometry software; 2) Using 
Google Sketchup to teach volume and surface area: Again for confident ICT users, this 
session explored the use of a piece of freeware familiar to many school-age students for 
learning and teaching mathematics. It focused particularly on creating and manipulating nets 
and solids; 3) Using the SMARTboard tools to teach mathematics: Aimed at the less 
confident users of ICT, the intention was to provide the opportunity to learn further skills in 
using the interactive whiteboard tools in ways that supported learning mathematics 
specifically; 4) An introduction to using Geogebra: Geometer‟s Sketchpad is commonly used 
by our partnership secondary schools so we had offered our pre-service teachers the 
opportunity to attend a skill-based session on this software early in the course. This 
Geogebra session was intended to develop this area further, providing basic instruction on 
using the software and then the opportunity to explore a range of aspects of mathematics 
suitable for 14-18 year olds through a series of worksheets appropriate for the classroom. 
The initial ICT audits identified dynamic geometry software as an area of weakness in terms 
of personal competence, with 74% of our pre-service teachers reporting that they had never 
used this software; 5) Using Internet resources in lessons: Aimed at less confident users of 
ICT, the session provided the opportunity to explore a broad range of pre-selected resources 
suitable for classroom use to give some starting points for teaching. All the resources 
selected were those actively used and valued by the teacher leading the session.  
Discussion 
Conference evaluations, on a 5-point Likert scale, show that all but one of the 43 pre-service 
teachers rated the day as good or very good overall, in the top two categories. The individual 
sessions were also all rated similarly highly, with Geogebra having the highest positive 
feedback. The dissatisfactions expressed were the need for 1) the opportunity to attend all 
five sessions and 2) a much longer time working in each of the sessions.  Evaluations also 
clearly indicated that many of the pre-service teachers were already, half-way through the 
course, focusing on the ways ICT could enhance their students‟ mathematics learning and 
looking for ways they could utilise ICT in the classroom.  However, at this point in their 
learning journey, this is not often expressed in pedagogical terms. Phrases from the 
evaluations such as “… Interesting sessions but unable to see direct link to teaching sessions in schools” and “complicated resource to use in class” (about Google Sketchup) indicate that 
there is recognition that they should be making such pedagogical connections. Such 
responses reflect the findings of Gao, Choy, Wong and Wu‟s (2009) study on implementing a 
technology-based pedagogy for student-centred learning. They acknowledge the need for 
increased levels of guidance, modelling and collaborations between pre-service teachers and 
teachers to improve pre-service teachers‟ understanding and use of a technology-based 
pedagogy.  
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Figure 2: Level of personal competence with data handling software 
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Figure 3: Level of personal competence with Dynamic Geometry Software 
The analysis of final audits of confidence in specific areas of ICT use show that pre-service 
teachers‟ confidence was significantly improved between September, 2010 and June, 2011, 
as indicated by data handling software and dynamic geometry software analyses, in figures 2 
and 3.    
Positive responses from the conference evaluations, such as “I enjoyed it and learnt a lot and 
got a lot of useful resources from it” and the many requests for other resources to use in 
classrooms, demonstrate that these pre-service teachers are beginning to make connections 
between their technological skills, their mathematics-specific subject knowledge and the 
pedagogy which connects these. They also show a shift towards positive attitudes to the use 
of ICT for teaching and learning mathematics. This one-day conference mirrors, on a much 
smaller scale, the five-day intervention described by Campbell and Kent (2010) which had 
similarly high levels of positive feedback from pre-service teachers and recognition of the 
importance of modelling effective use of ICT by „expert‟ teachers. As Steketee (2006) argues, pre-service teachers can have a crucial role in developing 
effective use of ICT in schools. The intervention reported here offers one element of a wider 
range of interventions which seek to do this. Working with „expert‟ mathematics teachers in a 
conference-style forum provides all pre-service teachers with a window into effective 
pedagogical practice for mathematics teaching using ICT, thus reducing the randomness of 
access to such practice in school-based placements for each of them.   
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